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Abstracts The TX-0 is an experliaental digital cmputer which was 

constmicted to check transistor circuitry and a 256 x 256 
magnetic core memory. The logical design is rather simple 
since it has only four instinictions. Three of these refer 
to memojcy in the norsial way, but the fourth has the interest- 
ing feature of providing the facility to micro-program via 
time pulses B How useful this is will be determiaed by the 
experience gained in programming for TX-Oo This memo has 
been wriLtten to give the reader a working knowledge of the 
computer's logic, usefulness, and capabilities <, 
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I» INTRODUCTION 

The TX-0 computer is a general purpose high-speed maotiine built pri<- 
marily of transistors » The computer has one memory device Tshieh is a 
vacuuia-tube-driven magnetic -core array capable of storing 1,179 3 6U8 bits 

of informationo Eiich word contains 18 bits for a total of 65«536 or 2 

(1) 
words o^ •' The memory cycle time is approrLisately 6 pseco The machine 

performs a complete operation every two moasiory cyclesi the :instruction is 

obtained in the first cycle and the data in the secondo'^ ' Most of the 

logical and arithmetic operations are executed in the second cycle <> 

II PRESMT TERHINJLI. EQUIMMT 

Input 

1» A Ferranti photpelectrLc paper tape reader 

(a) Standard seven-iiole flexowriter paper tape, 

(b) 200 to 2!50 lines per second 
2« Toggle s^dtch registers 

(a) Toggle switch accumulator called TAG 

(b) Toggle switch buffer register called TBR 

(c) 16 toggle switch registers called toggle switch storage, TSSo 
These registers can replace the first 16 registers of magnetic 
core memory by means of a switch on the main console o 

3<. FlexopriB,ter input to live register bits 2g Ss 8^ 11, li^, 1? 

setting IR to a one when the key is stnicko 
o 

ito Provision has been made for a photosensitive device, called the 

light pen, to control the computer frem the display tube* 
Output 
lo One 12 l/2» cathode ray oscilloscope display tube 

(a) ^11 points by 511 points in ?» by 7« array 

(b) a camera will be added in the future 
2o Paper tape punch 



lo The TX-2 isfhich is in the process of being constructed will use this 
m^aoryo The TX"0 will then have a transistor-driven core memory of 2 
registers <, 

2o Each memory cycle has eight time pulses and the notation we use in 
referring to them is cycle, time pulse, (i^eo, cycle 0, tijie pulse 8 
is written 0o8)o 



(a) Standard flexawriter tape 
3o Standard flexowriter printer 

III REGISTERS 

lo W^ory Baffer Register - (MBR, 18 bits * 1 parity check bit) 
receives information from and sends infoimation to the memory* 
The transfer of information from the memory is checked by means 
of the parity digit ^ich makes the sum of all 19 digits odd<, 

2o AeoTamulator - (AC|, l8 bits) - stores the resiilts of numerical 

operations - is also used as buffer to in~out terminal equipment© 
The bits of AC are numbered from left to right j> to 17 » 

One interesting point with regard to the AC is that one may 
look upon it as strictly a ring adder. If we consider the left- 
most digit as a sign, then the largest representable number is 
2'^'^-! and the smallest is -2 '^lo If a one is added to the 
largest number the result is the smallest and likevd.se if a one 
is subtracted from the smallest the result is the largest* 
There is no overflow alarm,, This feature has already been found 
to be useful in decision techniqueso 

3e Memory Address Register - (MAR, 16 bits) - selects the inf onnation 
in the memory and has another special feature of selecting operate 
class commands - (more about this later) « 

kc Program Counter - (PC, 16 bits) - is used by control and contains 
the address of the next instruction to be executed* 

^o Instruction Register - (IR^ 2 bits) - contains the operation 
part of the instruction which is to be executed* 

6* live Register - (LR^ 18 bits) - may be considered as ;Just another 
storage register which uses flip-flop rather than magnetic cores* 
It is referred to by means operatfe class commands which we shall 
see later* 

7* Toggle Switch Buffer Register - (TBR, 18 toggle switches) - used 
for manual intervention in the normal and test modes* 

®» TQgg^Q Switch Accumulator - (TAG, 18 toggle switches) -> used for 
manual intervention in the normal and test modes* 

For a description of the flip-flops and logical control^ see Flgors 6* 
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I¥ IHSTBPGTIQMS m:D OPBSATIHQ MQBES 

Th6 first two bits of the 18 bit TI-0 word designate one of four basic 
iiastractionso The machine irecognizes wiiich one t© perform by means of 
two flip-flops IR and IR, called the instruction register.. Tixe remaining 
16 bits of three of the instractions are iised to specify a memoiy locationa 
The f ©liirth instruction raakes use of its remaining 16 bits to designate one 
or mco^e special c@3iiaands» These are called operate clasji carmaands and are 
the means by *ich TX-© attains its versatility* (As we shall see in 
section ?III and IX) <. 

TX"© has three operating modes: lonnalj Test^ and Read-Ino They are 
specified by two flip-flops, R and T called the mode register o The four 
instructions are Ga;pried out in one of the thrfee modes and for each of 
the twelve combinations a different function is executed by the machine © 
The console has a piash button to select the Test mode and also one for 
the Read"In m©d©c The lormal mode is initiated by instructions in the 
other two modes « In the Hormal mode instruction words are taken from 
the stored program! in the Test mode^ from the TBRj and in the Read-In 
mode J from the tape being read in« 

The mode register (R and T) decodes the modes as followss 

MODE R T 

Hormal © 

Test 1 

Read-In 1 1 
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Y TEE EOSML MODE 

fhB fmu* basic instructions in the Normal mode are interpreted as 
follows s 



^o^h 



© 



Q 1 



1 © 



1 1 



ABBBE7IATI0N 



StO 3£ 



add X 



tm X 



opr X 



INSTRUCTIQM 

Beplaee the contents of register x 
with the contents of the AC„ Let the 
AG remain the sameo 

Add the isord in register x to the 
contents of the AC and lea^e the 
sma. in the ACo 

If the sign digit of the accunralator 
(AC ) is negative (i«e<»j, a one) take 
the next instruction from register x 
and continue frcm there o If the sign 
is positive (ioe^j, a zero) ignore 
this instruction and proceed to the 
next instruction^ 

Execute one of the operate class 
commands indicated by the number Xo 
(See sections VIII and IX) e 



YI TEST MODE 

The test mode is selected by a push button on the console o Primarily 
the Test mode was designed into the computer to aid engineers and opera- 
tors t© manually intervene with control and storage for test purposeso 

Basically one may consider the test mode as being a one instruction 
program where tiie instruction is set in the TBR (Toggle Switch Buffer) 
and the data to be treated either already in the AC or set in the TAG 
(Toggle Svjiteh AG)o There are two switches on the console which allow 
a little more versatility to the one instruction o They are called the 
repeat and step switches.. The repeat switch causes the instruction to be 
repeated over and over again (unless^ of course^ it is of the transfer 
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e©fl.tr©l type)o The step sid-tch allows the address section of the 
imstniction t© be indexed by one each time the instruction is executed, 

men the test mode push button on the console is activated (ioe,^ 
pushed) the first two digits of the TBR are sent to the IR and the last 
16 digits are sent to the MARo (la the sto x case the AG is reset 
i0eoi?iing t© what is set in the TA©)o The Pe is set to MAR ♦ 1 and the 

ijasifer&ction is executedo 

Then if g 

Repeat Switch Step Switch ©peratioa After Execution of the Instruction 
@fl" Off The CGBiputer will stop 

Qfjf On The computer will stop but the KIR will be 

changed to *.at is in the PC namely^ the 
preceding MAR ♦ 1 and then tJie TV. will be 
indexed by lo 

Qa Off The eomputer will continue to perform the 

same instruction repeatedly at machine 
speed o 

On. &i The MAR will be changed t© what is in the 

FQg naiaely the preceding MAR ♦ 1> Them 
the PG will again be indexed by 1 and the 
instruction will be executed rep»5atedly 
with the address section being stepped up 
by one each tlmeo 

The four basic instructions for the test mode are classiTied as 
load^ examine J test operates, and starts 

»Loadn sto X The AG is set to what is in the TAG and 

then the contents of the AC are stored 

in register Xo 
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"lacataiae'' add x 
1 



"Test Operate** opr x 
1 1 



"Start" 



tm X 

1 



The contents of register x are added to 
the AC by means of the MBRo Hence x 
can be examined in the MBRo The AC 
could have been" anything" before the 
instruction so all we can say is that 
the AC will contain "anything*" plus the 
contents of Xo 

Ai^ one of the operate class canmands is 
executed^ Stepping means nothing in this 
instruction 

Change to normal mode and transfer control 
to instruction in register Xo Stepping 
and repeating : mean nothing in this in» 
structiotto 



VII READ-IH MODE 

The Read-In mode is selected by a push button on the console and 
causes the photoelectric reader to be activated o As each line of tape 
ps^sses under the read head, the information in tape positions 1^ 2, 3$ 
ks, Ss «®d 6 is transferred to digital positions 0, 3$ ^$ 9s> 12^ and 15 of 
the AG« Qnde the first line of information is in the AC^ the AC is 
Cycled to the right one digital positiono The second line is then read 
iOj the AG cycled again one position^ and the third line read ino At 
this point the first three lines are now assembled as a word in the ACo 
The tapes to be used by the Read^In mode have been made so that each word 
to be stored follows an instruction word on tape which will perfoim the 
storsigeo In order to transfer control to inner storage all that is 
feqijdfed on tape is the transfer instruction! itself and it id.ll not be 
followed by the usual three lines of data as the store instruction iSo 
Getting back to the mechanics of the read-in^ the first three lines 
of information have been read in and assembled in the ACo Since this word 
will be an instruction in either the storage or the transfer case^ the 
first two digits in the AC are transferred to the IR (Instruction 
Register) and the last 16 digits to the MARo At this point the 



instruction register is examined and if the instruction is of the stcjrage 
type then the next three lines of tape are read in and assembled in -Hie 
AC and then the instruction is executedo If ^en the IE was examined the- 
instruction was of the transfer control type then no more information 
is read in and the transfer control instruction is executed* Susimarizing^ 
■WB can say that each data word requires six lines of tapei the first three 
indicating where to put it and the last three the word itself | each 
transfer control instruction requires only three lines of tap® containing 
thf instruction itself <> The tape layout can be seen more clearly in 
Fi|ure $o 

the four basic instmctions of the Read-In mode are separated into 
two types - storage and transfer controls 



Type First Modified lines Spibol 

'I ' T ill '" _^ __ _ — ■ W uM T l i .lfl W i m i I 

IR IE of tape 



Description 



Storage 



Storage 1 1 







Transfer 1 
Control 







1 



6 sto X Store the word (which was 
read in behind this in™ 
struction) in register Xo 

6 opr X Mien the two digits for 
opr X (11) are read into 
IR (in the Head=°In mode) 
they are canplemented and 
therefore qpr x * sto Xo 

3 tm X 1/ftien the two digits of 

tm (10) are read into IR 
(in the Read<»In mode) the 
computer stops reading 
from tapei the computer 
is changed to the noraial 
mode and control is imme<= 
diately transferred to 
register Xo 
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8c 



Type 



First 

IR 



Transfer 1 



Modified 

_IR_ 

1 



lanes 
of tape 



Symbol Description 

add X VJhen the two digits of add 

(01) are read into IR (in th© 
Read"In mode) they are ccan- 
plemented and the computer 
stops o Upon restarting (by 
pushing the restart button 
on the console) the ccauputer 
performs the instruction 
tm Xo Therefore^ add x " 
stop * tm Xo 



Noteg that with a hand punch, ins true tion<=words on the tape can be 
modified so that st (GO) can become add (01) or transfer (10) and either 
add or transfer can become operate (11) « The flexibility allows changes 
cffi the tape without preparing a new one« 

In acttiial prftctice the Read-^In mode is used to read a more efficient 
Read'-In program into storage^ since a binary tape with a store instruction 
following each word would be extremely large and cxjmbersomeo A description 
of this program will be found in section Xo It is called the Input Routine 
and farther describes how data is put into storage and also giv^the reader 
an example of TX=>0 programming « 



VIII OPERAfE CLASS CCMMMDS 

The following is a list of the operate class ccBnmands, the time 
ptilse m ijfhich ihey are executedj, the binary foim they assuiiie, what they 
do and the octal notation of the last 16 bits of the operate instruction^ 
opr Xo 

IB MAR 



/: 



1^ 2 3 i^ ^ 6 7 8 9 10 11 12 13 lit 15 16 17 ' 



2 
111000 000 00 000 OOO'opr 100^000 (octal) 
(0o8) GIL = Clear the left nine digital positions of the AG 

3 — .— — 

110 100 000 00 00 0- opr ItO^OO (octal) 
(Go.8) CIR = Cle^ the right nine digital positions of the AC 

h i ~" ~~~~ ^ ^ ' ^ ~ " 

110016000000 000 0- opr 20^000 (^ctal) 
(0,8) IGS In-Out Stop - Stop machine so that an In<=Out command (specified by digits 

6 7 8 of MAR) may be executed o 

h i ~" " 

110011000000 000 000- opr 30,000 (octal) 
(I08) Hit « Halt the computer 



6 7 8 
110 000 11100 000 0- opr 7^000 (oetal) 
(0,8) P7H = Punch holes 1^6 in flexo tape specified by AG digital positions 
2^ 5^ 85 11^ llt^ and 17*. Also punch a 7th hole on tape» 



678 

110 000 110 00 00 O0 0-«opr 6^000 (octal) 
(G08) P6H " Same as P7H bxit no seventh hole 



6M"ii789-l lOt 



IR MAR 

^Q^^ 3 It 5 6 7 8 9 10 11 12 13 li 1^ 16 l?i 



6 7 8 

110 QOO 100 00 00 O0 0»opr ii^GOO (octal) 

(0o8) PEfT ■ Print one fiexowriter character specified by AG digits 2, 5jj 8j 11 j Iks 
and 17o 



6 7 8 

110 000 00100 000 OOO^opr 1^000 (octal) 

(Go8) RIC « Read one line of flexo tape so that tape positions 1^ 2g 3s k$ $> and 
6 will be put in the AC digital positions O^, 3 s 65 9g 12 and 15* 

""" 6 7 i~ ""'""~~~~" "~~~ -— 

110 000 oil 00 O^opr 3^000 (octal) 

(Q08) R3C » Read one lin^ of flexo tape into AC digits 0§ 3$ 6^ 9g 12 and 15 o 
Then cycle the AC one digital positiorij read the next line on tape 
into AC digits 0^ 3^ 6^ 9j 12 and 1$^ ; cycle the AG right one digital 
position and read the third and last line into AG digits 0^ 3$ 6, 9$ 
12 and l^o (This command is equal to a triple CIR~R1C») 

6 7 8 -— — " 

110 10 - opr 2,000 (octal) 

(0«8) DIS = Intensify a point on the scope with x and y coordinates where x is 
specifiesd by AG digits 0-8 with digit being used as the sign and 
y is specified hy AC digits 9-»17 with digit 9 being used as the si^ 
for Jo The complement system is in effect when the signs are negative <> 

9 10 
110 10 - opr liOO (octal) 
(loll) SHR - Shift the AC right one place^ ioSe^ multiply the AC by 2 

9 w" -----—— ___ -« 

110 000 000 110 00 0»cpr600 (octal) 
(loli) GIR ■ Qycle the AC right one digital position (AC,^ will become AC ) 

9 10 
110 GOO 000 010 00 = opr 200 (octal) 
(lo3) MLR ■ Store the contents of the MBR (memory buffer register) in the live reg« 
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IE MAR 



> 



I " T f- " ■ I i f^^ ^ ^ II I ' ■ , „ m I , II 

"J" ^2 3 h $ 6 7 8 9 10 11 12 13 lit 1^ 16 17^ 



n IS 

.10000 000 00 1 00 0-oprlOO (octal) 
1«1) PEN « Read the light pen flip-flops 1 and 2 into AC^ and AC, „ 

11 M 

.10000000000 000 100» opr k (octal) 

lei) TAG ■■ Insert a one in each digital position of the AG wherever there is a 
one in the corresponding digital position of the TACo 



12 
.10 000 000 00 100 ©0 0»oprItO (octal) 
lo2) GCM « Compleinient every digit in the accumtilator 



.10 000 000 00 010 0" opr 20 (octal) 

loli) PAD * Partial add AG to MBR^ that is, for every digital position of the MBR 
that contains a one^ coraplesient the digit in the corresponding digital 
position of the AC*, This is also called a half add* 

Examples AC^^IOIOIOI 
MBR * 1 1 1 

lew AC ^1101101 




Ik 

IIQOOOOOOOOO 001 OOO- opr 10 (octal) 

(lo7) CRY = Partial add the 18 digits of the AC to the corresponding 18 digits 
of the carrjo 

To deteimine what the 18 digits of the carry are^ use the following 
rules 

"Grouping the AC and MBR digits into pairs and proceeding frcm right 
to left^ assign the carry digit of the next pair to a one if in the 
present pair MBR = 1 and AC = or if I in the present pair AC = 1 and 
carry l* 



^th 



,th 



(Notes The digit^pair determines the 17 pair's carry digit) 



Examples 



MBR 
AG 

GARRY 

GARRY 




11 



J 1 Q .-,,-.. 

ij 1 1^. 15^^ 



11000111 



AC 



New AC 



110 1 



1 



00010110 



16 17 
110 000 000 00 00 1»oprl 
(1<,2) AMB = Store the contents of the AC in the MBR« 

16 17 
110 000 000 00 00 11 = opr 3 
(1«2) TBR = Store the contents of the TBR in the MBRo 



16 17 
110 00 000 00 000 10 = opr2 
(lo3) 1MB » Store the contents of the LR in the MBRo 
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It shoTild be noticed that the coramand GIL or cycle left was not 
listed o The reason for that iss 

(1.2) (loit) (1.7) 
GIL « MBg PAD^ GET 

Example 

AG«0 0110011 

After AMB (1«2) 

' MBR -0 0110011 

MBR = 110 11 

After PAD (loi^) \ AG = 0000000 

CARRY -0 1100110 

After GEY (lo?) AC = 1100110 

This is an excellent example of how a programmer can accowplish 
many things with one operate instruction. Also notice that the AC was 
cleared by AMB •*■ PAD. Any operate instruction^word is capable of having 
a large variety of commands within itself as long as the progriaaraer is 
aware of the time pi^lae sequence* The preceding list of commands also 
lists the cycle and time pulse of each ccaamando We have inclixied a TX-0 
logical flow chart in this memo with a few side remarks on the chart to 
assist you in reading it. Wienever there is some question as to what is 
happening on each time pulse this chart should give you the an.'?wero If 
you find in experimenting with the operate class commands that a new 
operate class command would be useful to a programmer j, we will be glad 
to consider your suggestions o 
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IX CO4BIMTI0KS OF OPERATE CLASS COMMANDS 



The following list of combinations has already been foimd to be 
useful in programming » A conversion program which will be described in 
a later memo is capable of assembling most Of these combinations using 
three letter mnemonic symbols (e<,goj lac^ alr^ lad, etc*) 

Oo8 Oe8 

GLL + CLR » opr 1^0^000 ^ clear the AC (CLA) 

lo2 lolt lo? 

AMB ♦ PAD + CRY ^ opr 31 « cycle the AC left one digital position (CYl) 

Oo8 0«8 1„2 

CLL * GIR #■ CCM ^ opr II4O5OIJ.O ^ clear and complement AG (GLC) 

O08 Oc8 

lOS + DIS « opr 225,000 ^ Display (this combination was included to renind 

you that with every in-out command the lOS must be included) 

(DIS) 

0»8 0e8 0,8 

lOS + CLL + CLR = opr 160^000 = In out stop with AC cleared^ 

Oe8 0.8 loli 

lOS ♦ P7H + era = opr 27s600 = Punch 7 holes and cycle AC right* 

OS O08 lA 

lOS * P6H * CIR « opr 263600 « Punch 6 holes and cycle AC righto 

O08 O08 O08 0„8 

lOS * CLL * CLR * P6H »» opr 166^000 « dear the AC and punch a blank 

space on tapeo 

O08 O08 0.8 

lOS + PNT * CYR » opr 2ii.j600 = Print and cycle AC righto 

O08 O08 1.2 l.ii 

IDS + P7H * AMB + PAD « opr 27^021 = Punch ? holes and leave AG cleared^ 

O08 O08 lc2 Icii 

lOS + P6H + AMB ■*■ PAD =^ opr 26j,021 « Punch 6 holes and leave AC clearedo 

O08 O08 1.2 l.Ii 

lOS * PNT * AMB + PAD '^ opr 2I15O2I '^ Print and leave AC cleared. 

O08 OoB 0.8 

CLL + CLE + RIC « opr liil^OOO = Clear AC and start petr running (notice 
no lOS " which means computer hasn't stopped to wait 
for information). 



0o8 1<,2 loll 1,7 

RIC5 * MB 4- PAD ♦ CRY - opr 1^031 " Start petr running and Cfcle AG left 

QoB 0„it 

HIG + GIH »» opr 1,600 « Start petr running and cycle right. 

Oo8 0,8 0«8 0,8 

Cli ♦ CLE ♦ lOS * R3C " opr 163,C)0Q » Clear AG^ read 3 lines of tape. 

do8 Ood 0,8 0.8 

GEL + CIS ♦ lOS + r:cg = opr 161^000 - Clear AC and read one line of tape, 

0„8 0„8 0.8 0„8 l.li 1.7 

GIR ♦ CLE ♦ IGS + r:[C + PAD + CRY - opr 161^ 031 = Read 1 line of tape and 

cycle AC left. 

0.8 0.8 0.8 0.8 l.ii 

GLh * CLE + IDS * BIG * CYR » opr l6l,600 = Read one line of tape and 

cycle righto 

0o8 0.8 1.1 

CH, + CLE ♦ TAG « opr lUOjOOlj « Put contents of TAG in AC. 

<Lo£|. lo7 

PAD ♦ CRY ^ opr 30 « Full»a<M the MBR and AC and leave sum in AG. 

0.8 0.8 1,3 l.U 

GIL + CLE + 1MB + PAD » opr 1^0,022 - dear the AC - store lii contents in 

memory buffer register - add memory 
buffer to AC -> ioe.j s^iore live reg, 
contents in AC. (LAG) 

1.2 1,3 

AMB + MR => opr 201 » Store contents of AC in MBR^, store contents of MBR 

in LR, i.e., store contents of AG in Hi. (AIR) 

1.3 loU 

MB <«- PAD = opr 22 « Store contents of LR in MBR^ partial adui AC and MBR 

i.e.j partial add IjR to ACo (LPD) 

1,3 

MIR = opr 200 = Since MIR alone will have a clear MBR^ this is really 
clear IE. (LRO) 

J-o3 lojli 1,/ 

1MB •»• PAD ■«• CRY - opr 32 = Full-add the LR to the AC (LAD) 

0,8 0.8 1,3 l,li 

CLL -«■ CLE + TBR + PJJ) ' opr lli.O,023 « Store contents of TBR :.n AC. 
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X PROGRAM EXAMPLE 

TM.S section was included to give the reader an example of a TX~0 
prograiHo The program which was chosen is used to read binary tapes into 
storage and is called the Input Routine. It was written to avoid the 
long and cumbersome tapes which would be required by the Read-In mode 
(a store instruction for each data word)o T/Jhen the conversion program has 
finished converting a program's flexowriter tape and is ready to punch a 
binary tape^ it first p-unches the Input Routine on tape in the form that 
is required by the Read-In modeo Then the converted program is punched 
out in binary form according to the specifications required by the Input 
Routine o. 

iEy having the Input Routine on the leader of each tape all that is 
required is the activation of the Read-In push button o The Input Routine 
is read in by the Read-In mode and then control is immediately transferred 
to. th^ liiput Routine which takes on the task of reading in the rest of the 
binary tape*, 

The specifications required by the Input Routine are very simple o 
The! tape channel positions of a word are the same as they are in the 
Read~Ija modeo Words are transferred to storage in blocks of sequentially 
addressed words » The first word in the block is a store instruction 
word ■jjhose ad4ress section contains the address of the first data word in 
the blocko (Call it sto ¥, .,) The second word in the block is the comple-> 
ment of a stoife instruction word whose address contains the address of 
thse Ifist data word in the block o (Call it sto W_ where n » noo of data 
wordse) The data words follow these two pieces of infarmation<, Following 
the last data word of the block is a word which is the complement of the 
sum of all the preceding words in the block including the first two control 
wdrdS'o 

The address of the starting instruction; follows the last block of data 
wordso If it is in the form of an add instruQtion (adil %) the ccraputer 
will b© stopped before the Input Routine transfers control to th® program* 
If it is in the form of a transfer control instruction (tm z) then the 
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program will be started insmediately after the last block of data words 
has be©n read into storages 

TJIPE FC3HMAT REQUIRED. ^I INPUT ROUTINE 



sto W, 



Gcmplement 
of sto ¥, 



n 



1st word 



2nd word 



n word 



ccanplement 

of blidck's sum 



add z 
or 

tm z 



First 
block 



Other 
blocks 



Last three 
lines on 
tape 



¥, » Address of 1st. data word 
in block 

th 

¥„ =» Address of n data word 
n 



tm z " Upon coaplation of 
last block trans- 
ferred to storage 
take first iinstruc- 
tion frcm register z< 



Add z ■■ Stop computer after 
last block has been 
transferred to 
storage . After 
restart^ ta^tce first 
instruction from 
register Zt, 
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INPUT ROUTINE 



Snter 



1777iil 

> 1777li2 

1777lt3 



■> 1777101 
177715 



1777it7 
177750 



177751 
177752 

177753 
177751i 

• 177755 
177756 



177757 

177760 
177761 
177762 

177763 
177761i 
177765- 
177766 



Temporary storage 

Add 177773 

tra 177772 — 



opr 163,000 (R3C) 
sto 177756 



17771^6 tra 177756 



add 17777li 
tm 177775 



opr 163^000 (ICC) 
sto 177777 

add 177756 
sto 1777iil 

opr 163,000 (R3C) 
(sto ¥1) 

(add Z) (Not used) 
(trn Z) 



add 1777iil 

sto 1777lil 

opr litOjOOO (USA) 

add 177756 

add 177773 

sto 177756 

add 177777 

trn 1777551 



177767 
177770 
177771 



opr 163s 000 
add 1777U1 
tm 1777lt2->t 



(R3C) 



177772 opr 30,000 (HIT) 4- 



177773 
17777it 
177775 

177776 



177777 



1 
20O5OOO 
sto 177777 
opr 30^000 



(HLT) 



tm Z (or the com- 
plement of the ad- 
dress of the last 
word in a block) 



Partial &vm_ of _^ block 



If the preceding block's sian is 
correct 5 go on to next block or 
transfer control wordo If notj, 

go to 17777 2 arjtd stop c omput er <, 

Read in the first word of a block 
or the transfer control word (add 
Z or trD, Z) and store it in register 
1777g6. 



Is it St Wt_^ add Zj, or tm Z? If 



It is either st ¥^ or add Zj add 
200j000 to the AC7 If it was add Z, 
the AC is now neg« (^^trn Z), so go 

Read in the compleraent of the address 
of the last word :l.a the block and 

Add the f'irst~two ' control words of 
the block together and store in 
iZIX^™™2:2ii'-^^'^® '^^^ partial stsmo 



th 
Read in the i word and store it in 

its assigned memory loeation 



,th 



Add the i " word to the partial stnn 

of.._the._blocl^.. 



Index the address section of the 
register 177756 bj oneo 



Has the n^'" word been transferred to 
storage? If AC is negative - no. 

.E®*E™_*9JJ775^„«„___, - 

Read in the s'om of the block. Is 
it the same as the strni' in register 
ill? If it isg AC^'" mimis zero, go 

■t! ^7 77ii2,rif "it iTpSiitt^:, :. ■""" 

stop the canputero The sum check is 
wrong o 

Constants """ 



Th© last block has been stored and " 
the transfer control word was add Z. 
Put tm Z in register 177777 and 
stop the^ cgngutCT^^^ 



Upon restarting^, "trsxisfer control to 
register Zo 
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The operate class commands used in the Input routine weres 

opr l60/)00 ^ GU. * cm * lOS + S3C 

Clear AG and read three lines, cycling each time 
so that they are assembled as an 18 bit word in 
the ACo 

opr litOgOOO - CLL + CLR = CU 

Clear both halves of AC, 

opr 30pOOO - Halt the computer 

It should be noticed that a tm instruction (10) has a one in 
the sign digita position. In registers 177710;, it5. and h6 when the 
transfer control word "tm Z- is read into the accumulator, the tm 
177756 will transfer control to 177756. Since register 1777% will 
contain tm Z apd the AC still contains tm Z, control will touediately 
be se^t to register Z„ This is a useful trick. (For example, transferring 
control to a subroutine with the exit word in the AC), 

One other point of interest, if the word add Z is in the AC when 
instructi6n tm 177756 in register I777l|6 is perfonaed, the AC is 
posxtire and the next instruction will be add 17777i.o This will cause 
the octal number 200,000 to be added to the AC and since the first 
two bits of the word add Z are 01, the result will be tm Z, This 
causes the instruction tm 177775 to be executed and 177775 ^'11 store 
the word tm Z in register 177777» The next instruction is the operate 
class command halt. Since the AC is not disturbed, it will still con- 
tain tm Z. If the restart push button is activated, the trn Z in 
register 177777 will transfer controU to register Zc 



XI TOGGLE SWITCH STORAGE 

The TX-0 has an anxillaiy memory system consisting of sixteen 
toggle-switch registers which we shall refer to as toggle switch storage ^ 
TSSo The TSS can be used as a substitute for the first sixteen magnetic 
core registers through 17 « All sixteen registers of TSS can replace 
core registers through 17 or they can be chosen individually to replace 
their respective core registers^ ioeoj, TSS^ can replace register 6 of 
core memory while the other fifteen can still be coreo 

The lave Register has been mentioned earlier as an eighteen bit>> 
flip-flop register -with no address. Up to this point the only way refer- 
ence could be made to it was by means of the operate class comraands. 
The switches on the TSS panel allow the Live Register to be addressed 
like any other register* However^ its contents can still only be changed 
by specific operate class commands or by data from the flexo type° 
writer (if the flexo input switch on the main console is in the on position^) 

The sixteen registers of TSS are located on the console « (See 
Figure k) In addition to the eighteen toggle switches associated with 
each register there is a toggle switch located to the left of each 
register which we shall call "cm" and one to the right of each register 
which we shall call '»lr" » Also located on the console is a master switch 
called "core memory select" or 04 select, When the CM select switch is 
on^ the first sixteen registers will always be magnetic coreo TnJhen the 
CM select switch is off then the first sixteen registers can be either 
magnetic core^ toggle switch storage^, or addresses of the live register* 



(M^k7Q9-l 21, 



The following Is a breakdomi of the possible combinations i 



CM Select Switch - OFF 



Reg« 



cm 



Off 



TSS 



¥ 



Ir 



Off 



Case One 

Register x is TSS and the word in x 

is W which is set by the toggle switches, 



Off 



On 



Case Two^ 

X is the address of the IR and the word 
in X will always be the word in the LR 

and not the toggle sw setting Wo 



Case Three 

On W Off Register x is magnetic core and the 

toggle switch setting V meaES nothing. 



On 



¥ 



On 



Case Four 

The core switch cm takes precedence 
over the Ir switch and this case 
beccmes the same as case threeo 



Note that the :Live Register may have one^ two^ three or sixteen 
different addresses (0 - 17) or none at all if no Ir switch is ono 
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APPMDIX A 



TX-0 Console 



lo Push Mttons 



(a) 

(b) 

(c) 
id) 
(e) 



Stop 
Restart 
Read~In 
Test 

Tape Feed 



2* Flip-»EIop Indicators 

(a) IE Two bit instruction register 

(b) C Cycle 

(c) ET Mode 

(d) MR Memoiy Read 

(e) MI Memory Inhibit 

(f) ?Ml Parity 

(g) SS Start Stop 

(h) PBS Push Button Synchronizer 

(i) lOfS In Out Stop 

(a) GH Chime Alarm 

(k) IP Light Pen Flip^Flops 1 and 2 

(1) PECR Photoelectric reader flip-flops 1^ 2, 3 and it 

(m) Alaim Indicator 



(a) MAii 

(b) PC 

(c) MBR 

(d) AC 

(e) m 
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Switches 



(a 
(b 
(c 
(d 
(e 
(f 
(g 
(h 
(i 
(O 



Suppress Alarm 
Suppress Chime 
Automatic Restart 
Automatic Read-In 
Automatic Test 
Stop on Cycle Zero 
Stop on Cycle One 
Step 
Repeat 
Printer Input 



Toggle Switch Registers 

(a) TAG ■= Toggle switch accumulator 

(b) TBR - Toggle switch buffer register 

(c) TSS - Sixteen toggle switch storage registers 
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APPENDIX B 
Operate Class Ccssmiand Summary 



CLR 

lOS 
HLT 
P7H 
P6H 
PHT 
EIC 
E3C 
DIS 
SHR 

cm. 
Mia 

PEM 
TAG 
CCM 
PAD 
GRI 

AMB 
TBR 
1MB 



1^3 



0»8 
0«8 
O08 
1«8 

Oe8 

O08 
Gc8 
0o8 

oj 
lo3 

lol 

lo2 
(1»7 



opr 


100,000 


Clear left AG 


©pp 


liOjOOO 


Clear right AC 


opr 


20,000 


In-out stop 


opr 


30,©OO 


Halt 


opr 


7sOOG 


Ptmch 7 holes 


opir 


6,000 


Punch 6 holes 


opr 


ll,000 


Print 


opr 


1,000 


Read 1 line 


opr 


3^000 


Read 3 Haes 


opr 


2,000 


Display 


opr 


liOO 


Shift right 


opr 


600 


Cycle right 


opr 


200 


MBR-»LR 


opr 


100 


Read light pen 


opr 


k 


TAG ones-* AC 


opr 


ko 


Gomplement AC 


opr 


20 


Partial ADD MBR and AC 


opr 


IP 


Partial ADD carry digits 
and AC 


opr 


1 


AC-» MBR 


opr 


3 


TBR-? MBR 


opr 


2 


LR-#. MBR 



B»l 
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APP^DIX C 
OPEISATE CLASS COMAND CCMBINATION SUMMARY 



Clear AC Clear AG (GLA) 
Cycle left (OIL) 

Clear and complement AG(CLC) 
Display- 
In out stop and AC cleared 
Punch 7 holes J, cycle AC right 
Punch 6 holes J, cycle AC right 
Clear AC - Punch blank tape 
Print and cycle AC right 
Punch 7 holes and clear AC 
Punch 6 holes and clear AC 
Print and leave AC cleared 
Clear AC and start PETR nanniag 
Start PETR running and cycle left 
Start PETR running^ cycle right 
Clear AC and read 3 lines of tape 
Clear AG and read 1 line of tag)© 
Read 1 line of tape and cycle left 
Read 1 line of tape and cycle right 
TAC-^ AC 

Full add MBR and AC 
LR^AC (LAC) 

AG -^ LR (ALR) 

Partial add IR and AC (LPD) 
Clear IR (LRO) 

Full add LR and AC (LAD) 
TBR-^ AG (TBR) 



opr 


li^O^pOOO 


opr 


31 


opr 


lliO.OltO 


opr 


22 ,,000 


opr 


160,E,000 


opr 


27,,600 


opr 


2 6, ,600 


opr 


166, ,000 


opr 


2l;,p600 


opr 


= 27^,021 


opr 


26, ,021 


opr 


2li,,021 


opr 


llil^GOO 


opr 


1^.031 


opr 


1,,600 


opr 


163^,000 


opr 


161<,000 


opr 


161,031 


opr 


161^,600 


opr 


ll40<,00li 


opr 


30 


opr 


11|0^,022 


opr 


201 


opr 


22 


opr 


200 


opr 


32 


opr 


lit0,.G23 
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FIG. 1 
TX-0 COMPUTER ROOM 
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FIG. 2 
TX-0 MAIN CONSOLE PANEL 
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FIG. 3 
TX-0 CONSOLE 
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FIG. 4 
TX-0 TOGGLE SWITCH STORAGE 
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DIRECTION 
OF 
TAPE 



EXAMPLE: STORE THE OCTAL 

WORD 356321 IN 
REGISTER 40 OCTAL 



m 
o 

■V 

CO 

to 
I 
< 



I 1 I I I I llOiOOOl 00 000000 0100000 



AC 



6 3 2 l | 



1-0 



lOiocDrocvi — 



A 



DIRECTION 

OF 

TAPE 




> 



J 



TAPE LAYOUT FOR 



IR 

rsti 



MAR 



I 4 0(0) I 



IF THE TAPE IS HELD SO THAT 
IT IS MOVING FROM LEFT TO 
RIGHT WITH THE SEVENTH HOLE 
NEXT TO THE BODY, THE DATA 
WORD AND STORE INSTRUCTION 
CAN BE READ OCTALLY IN HOR- 
ZONTAL FASHION. 
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FIG. 7 

BLOCK DIAGRAM, TX-0 



